for the cell cycle-dependent polar localization of these segregation of cell fate determinants to only one daughsignaling proteins has remained largely elusive, and the ter cell upon cell division. The temporal coupling bemechanism by which these proteins sense cytokinesis tween cell division and initiation of differentiation sugto control SwaPS development is unknown. gests that control mechanisms may exist.
site closer to the stalked pole, to create stalked daughter cells smaller than their siblings ( Figure 2C ). Thus, to ascertain the identity of the poles, we used a strain (CJW979) in which DivK and DivJ (stalked pole marker) were fused to the monomeric forms of CFP and YFP (mCFP and mYFP), respectively. Restoration of cytokinesis by addition of xylose to elongated CJW979 cells resulted in delocalization of DivK-mCFP specifically from the pole distal to the stalked DivJ-mYFP pole; this was true even in the instances when cell division created a stalked progeny smaller than its sibling ( Figure 2C ), suggesting that DivK release is not sensitive to cell length. We made similar observations with cells treated with the ␤-lactam antibiotic cephalexin, which at sublethal concentration inhibits a later step of cell division (data not shown). Thus, DivK release from the flagellar pole is cytokinesis dependent.
If a control mechanism involving DivK localization at 2D). This relief of dependence between cytokinesis and DivK D90G fused to GFP was able to localize at the stalked SwaPS development argues for the existence of a conpole of pleC::Tn5 cells at 37ЊC but failed to significantly trol mechanism. accumulate at the flagellar pole during the cell cycle Altogether, our data strongly suggest that the cytoki-( Figure 2A) . A similar localization pattern was observed nesis-dependent release of DivK from the flagellar pole in a pleC ϩ background (data not shown). The D90G mutais the molecular event that signals entry into SwaPS tion does not affect DivK phosphorylation (Hung and development in response to completion of cytokinesis. Shapiro, 2002). Therefore, it is the inability of DivK D90G to localize to the flagellar pole at 37ЊC that accounts for the suppression of pleC developmental defects. Thus, The PleC Histidine Kinase Primarily Acts as a Phosphatase of DivK-P In Vivo localization of DivK at the flagellar pole is involved in the inhibition of SwaPS development.
To unravel the mechanism by which the cell senses the completion of cytokinesis to release DivK from the Next, we showed that DivK release from the flagellar pole was dependent on the completion of cytokinesis. flagellar pole, it was critical to understand how the asymmetrically localized DivJ and PleC histidine kinases conLocalization of wild-type DivK-GFP was followed after inhibition of cytokinesis using a strain (CJW933 ; Table  trol H610 being the site of phosphorylation). The soluble type ( Figure 3A ). The phosphatase activity of each PleCЈ mutant was assessed by incubating purified DivK-P with catalytic domain of each mutant was purified and tested for its in vitro ability to autophosphorylate (autokinase each PleCЈ protein for various amounts of time ( Figure  3B ). The autophosphatase activity of DivK (Hecht et al., activity), promote DivK phosphorylation (kinase activity), and dephosphorylate DivK-P (phosphatase activity). All 1995), which is common among response regulators, was evaluated in reactions lacking PleCЈ protein. Figure  3C . Thus, while the T614R and H610A mutations generated kinase-and phosphatase-defective (K Ϫ P Ϫ ) mutants, the F778L mutation successfully uncoupled the phosphatase activity of PleC from its kinase activity by creating a kinase-defective, phosphatase-active (K
If the phosphatase activity of PleC rather than its kinase activity fulfills the cytokinesis-dependent release of DivK from the flagellar pole to regulate SwaPS development in vivo, the K 
Early Colocalization of DivJ and PleC with DivK at Opposite Poles during the Cell Cycle
Given the role of DivJ and PleC in the regulation of DivK localization at the flagellar pole, it was important to obtain an accurate temporal sequence of the subcellular distribution of PleC, DivJ, and DivK relative to each other during the cell cycle. To do this, the localization of all three proteins (each labeled with a different fluorophore) was examined in the same cells. We used two different strains to vary the combination of fluorophore tags. In the first one (CJW799), divK, pleC, and divJ were fused to mcfp, myfp, and tdimer2 (a derivative of the Discosoma coral dsRed present in tandem), respectively. In the secbuffer and subjected to electrophoresis followed by phospho- 
